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and relative quantification methods, it was shown that the virus titer in aphids continued to increase after the acquisition period even when aphids were serially transferred onto fresh, healthy plants on a daily basis. Transmission experiments determined that RpLV has a 6-day latent period in the aphid before it becomes transmissible; however, it was not transmitted transovarially to the next generation. To our knowledge, this is the first report of a plant reovirus transmitted by an aphid. Phylogenetic analyses showed that RpLV is related most closely to but distinct from Rice ragged stunt virus (RRSV), the type member of the genus Oryzavirus. Moreover, the conserved nucleotide termini of the genomic segments of RpLV did not match those of RRSV or other plant reoviruses, allowing us to suggest that RpLV is probably the type member of a new genus in the Reoviridae comprising aphid-transmitted reoviruses.
Due to the stationary nature of their hosts, plant viruses rely on third parties in order to be transmitted from host to host, with the exception of those transmitted by pollen, seed, or mechanical means. Arthropods, fungi, and nematodes have been reported as the main vectors responsible for virus transmission in plants (3, 8) . Insects in the order Hemiptera (aphids, whiteflies, and planthoppers) are by far the most common vectors within the phylum Arthropoda (2, 13, 20, 22) . The transmission mechanism involves acquisition, retention, and inoculation of the virus into a new plant by a vector. The components involved in this process define an intricate and specific relationship between the plant, virus, and its vector. Therefore, virus transmission by a living vector is not a random mechanical process, and involves specific virus and host factors (10, 25, 45, 46) . Accordingly, the virus-vector specificity is sometimes used as a distinctive attribute for virus classification to the genus level (16, 22) .
Four categories (nonpersistent, semipersistent, persistent-circulative, and persistent-replicative) have been proposed for plant viruses transmitted by insects based on the time frame at which the vector is able to inoculate the virus into a new host (20, 45) . Nonpersistent viruses, for instance, are retained in the stylet of the insect and can be inoculated into a new host for only a short period of time. Semipersistent viruses, on the other hand, can be transmitted for a few hours to days, until the insect molts and the virus is shed. Persistently transmitted viruses can be inoculated for longer periods and are not lost during the insect molt. These viruses can either replicate (persistent-replicative) or circulate (persistent-circulative) in the vector before they are inoculated into a new host (13) .
The family Reoviridae, the most diverse among dsRNA virus families, includes species isolated from a wide range of hosts, including mammals, birds, fish, insects, arachnids, marine protists, crustaceans, fungi, and plants (5, 7, 12) . Plant reoviruses, classified into three genera (i.e., Fijivirus, Oryzavirus, and Phytoreovirus), constitute one of the three nonenveloped virus groups that are transmitted in a persistent replicative manner by several species of planthoppers (Hemiptera: Delphacidae) (Fijivirus and Oryzavirus spp.) and leafhoppers (Hemiptera: Cicadellidae) (Phytoreovirus spp.) (13) . The intricate relationship between different plant reoviruses and their respective vectors has been extensively studied. Acquisition and inoculation times required for transmission of plant reoviruses range from minutes to days (21) . In addition, members of the genera Fijivirus and Phytoreovirus are capable of being transmitted transovarially to the vector progeny for several generations and retain their transmissivity for many years (15) . The rates at which transovarial transmission occurs vary between viruses, with 0.2 to 17% in Fijivirus spp. and 1.8 to 100% in Phytoreovirus spp. (13, 15) . Furthermore, the genera Fijivirus and Phytoreovirus contain members whose primary hosts are insects. Examples include Nilaparvata lugens virus, found in the brown planthopper Nilaparvata lugens (Stål), and Homalodisca vitripennis virus, isolated from the glassywinged sharpshooter H. vitripennis (Germar) (24, 35) .
Raspberry latent virus (RpLV) is a reovirus found naturally in commercial raspberry fields in the Pacific Northwest (PNW) (Oregon and Washington in the United States and British Columbia in Canada) (28) .The genetic characterization of RpLV re-vealed that the virus possesses 10 double-sided (ds)RNA segments with features typical of reoviruses, including conserved termini, inverted repeats, and highly conserved RNA-dependent RNA polymerase (RdRp) sequences (4, 5, 23) . The phylogenetic analysis grouped RpLV with members of the subfamily Spinareovirinae and showed Rice ragged stunt oryzavirus (RRSV) as its closest relative, with 36% amino acid identity of the RdRp (28) .
Based on the genetics of RpLV, it was reasonable to consider leafhoppers as potential vectors of the new reovirus. In efforts to identify the vector and determine the transmission biology of RpLV, the brambleberry leafhopper Macropsis fuscula (Zetterstedt) was collected from raspberry plants in Oregon and used for transmission experiments. M. fuscula is the only leafhopper species reported as a potential vector of viruses, or other infectious diseases, in the PNW (33, 38) . However, the insect is barely observed in raspberry commercial areas in Washington and Oregon and, therefore, has not been considered a problem by growers (R. Martin, personal communication). Repeated trials using both adults (n = 85) and nymphs (n = 45) of M. fuscula and two other hopper species collected in sweep nets, the potato leafhopper Empoasca fabae (Harris) (n = 60) and the spittlebug Philaenus spumarius (L.) (n = 40), failed to inoculate RpLV into a new host after several days of virus acquisition (D. Quito-Avila, unpublished data). The amplification of a 683-bp fragment from the highly conserved insect actin gene indicated that the RNA extraction and reverse-transcription (RT) reactions were in good conditions, validating the negative results obtained for the virus acquisition (34) .
The high incidence of populations of the large raspberry aphid Amphorophora agathonica Hottes (Hemiptera: Aphididae) in northern Washington State, where RpLV is common (28) , suggested the potential involvement of A. agathonica as the vector of RpLV.
This article reports the successful host-to-host transmission of RpLV by A. agathonica. To our knowledge, this is the first plant reovirus transmitted by a hemipteran vector that does not belong to the families Cicadellidae or Delphacidae. This unique biological characteristic makes RpLV the type member of a new genus that includes plant reoviruses transmitted by aphids.
MATERIALS AND METHODS
Aphid colonies and virus source. Aphids (A. agathonica) were obtained from young raspberry plants in commercial areas in Whatcom County, WA in June 2010. Upon collection, aphids from different plants and fields were consolidated, subsampled, and tested for RpLV by RT-polymerase chain reaction (PCR) to verify their virus-free status. Aphids were reared at 23°C and 14 h of light on dsRNA-free 'Meeker' raspberry obtained from tissue culture at the United States Department of Agriculture-Agricultural Research Service Horticultural Crops Research Laboratory in Corvallis, OR. Apterous (wingless) adult aphids were used in experiments unless otherwise noted. Two raspberry plants, one singly infected with RpLV alone and the second infected with RpLV and Raspberry leaf mottle virus (RLMV), were used as virus sources for transmission experiments. RLMV, a closterovirus, has been shown to be present at high incidence in commercial raspberry areas in the PNW (30, 41) . Thus, its role in the transmission of RpLV was investigated. However, due to an unpredicted problem with the 2010 colony, the transmission experiment using the mixed-infected (RpLV-RLMV) plant as virus source was conducted with a new aphid colony collected in July 2011.
RNA extraction and RT-PCR. Total RNA was extracted from plants or aphids as described by Halgren et al. (11) , followed by resuspension in 500 µl of wash buffer and 25 µl of glass milk (15 µl for single aphids) (30) . The glass milk was pelleted at 1,400 × g, washed, and dried in a speed vac at room temperature.
Then, 150 µl of Tris-EDTA (100 µl for individual aphids) was used to resuspend the RNA. RT was performed using 2.5 µl of plant or aphid RNA as template and random primers as described (11) . The RT product (2.5 µl) was used as template for the PCR in a final volume of 25 µl. The reaction was carried out according to the polymerase manufacturer's instructions (TaKaRa Bio Inc., Shiga, Japan). RNA quality and effectiveness of the RT reaction from aphid RNA was verified by the amplification of a 683-bp transcript region of the actin by primers Act-2F (5′-ATGG TCGGYATGGGNCAGAAGGAC-3′) and Act8-R (5′-GATTCCA TACCCAGGAAGGADGG-3′) (34) , whereas the highly conserved plant gene NADH dehydrogenase ND2 subunit (ndhB) was used as endogenous control to verify the RNA quality and RT reaction by amplification of a 721-bp transcript region (36, 41) . RpLV was detected by conventional RT-PCR using the primers described in Quito-Avila et al. (28) . The PCR program consisted of initial denaturation for 4 min at 94°C; followed by 40 cycles with a denaturation step of 40 s at 94°C, annealing for 25 s at 58°C (RpLV and ndhB) or 52°C (actin), and extension for 40 s at 72°C; with a final 7-min extension step at 72°C.
Quantitative and standardization. The titer of RpLV in single aphids was monitored over time by TaqMan quantitative (q)RT-PCR. A standard curve was generated as described by Quito-Avila et al. (29) using a T7 promoter sequence attached to the 5′ end of the forward primer 5′-CCGAGAGTGTTTGTTACG-3′. The reverse primer 5′-CGTTCCCTGTAAACGCTGCACTGTCG-3′ was developed to amplify a 315-nucleotide (nt) region of the RdRp, which encloses a 131-nt region amplified by qRT-PCR primers RpLVF-5′-GGGACGTATTTCGCTTCTCAG-3′ and RpLVR-5′-GGGTCTGCCTCTAATGTTATGG-3′ and the probe 5′-AGCA TGATCACTGGTCTTAACGCCG-3′.
A 10-factor serial dilution was prepared that resulted in concentrations of 8 × 10
12 to 8 × 10 1 targets resuspended in RNA extracts from virus-free raspberry plants or virus-free aphids. Each serial dilution series was used in triplicate. The plotted curve (threshold values [Ct] versus number of RNA copies) was used to extrapolate subsequent tests and estimate the number of targets from aphids. In addition, the comparative quantification method (ΔΔCt) was implemented to obtain relative quantification (RQ) values. This method adjusts variations in total RNA abundance in the sample by normalizing the amplification of each target to an endogenous control (17) . Primers for quantitative amplification of the aphid actin gene were used in this study as described by Quito-Avila et al. (29) .
Acquisition and transmission preliminary experiments. Two preliminary experiments were implemented to determine the optimal virus acquisition access period (AAP) and number of aphids needed for RpLV transmission to occur. This and all subsequent transmission experiments were conducted under controlled conditions (23 ± 1°C and 14 h of light). For the first experiment, 20 RpLV-free adult aphids were allowed virus AAPs of 12 h, 18 h, 1 day, and 2 days. The aphids were ground and tested immediately after each AAP was completed. The second experiment consisted of groups of 5, 15, 25, and 50 adult aphids which were allowed to feed on a virus-infected plant for a fixed AAP of 7 days. Upon virus acquisition, each group of aphids was transferred to RpLV-free plants (the experiment was conducted in triplicate). Inoculated plants were tested for RpLV 30, 60, 90, and 120 days postinoculation (DPI).
To determine how long and in what tissues aphids needed to feed before acquiring RpLV, aphid feeding behavior was monitored using an electrical penetration graph (EPG) system (37, 44) . Adult aphids were starved for 1 h, during which time they were immobilized and connected to flexible gold wire (25.4 µm) with conductive glue (1:1:1, craft glue/silver flake/water by weight). The other end of the wire was connected into an AC-DC EPG system (6). A second copper electrode was inserted into the soil at the base of Meeker infected with RpLV. Direct current (DC) was applied at 50 mV to the plant and data was collected using a Giga-Ohm (10^9) input resistor at a sample rate of 100 Hz. EPG recordings were acquired using a DI-710 and Windaq Acquisition Software (Dataq Instruments Inc., Akron, OH). Aphids were recorded for 24 h and subsequently maintained on healthy Meeker for 5 days before being tested for the virus by RT-PCR or qRT-PCR. EPG recordings were imported into the Windaq Waveform Browser (Dataq Instruments Inc.) and each waveform event (uninterrupted feeding behavior) was scored as C (penetration in mesophyll and epidermis, including cell punctures), E1 (salivation into phloem sieve elements), E2 (ingestion of phloem sap), or G (ingestion of xylem).
Virus transmission in serial transfers. In total, 600 adult aphids were allowed to feed on an RpLV source raspberry plant (RpLV alone or RpLV-RLMV infected plant). Three groups of aphids (200 aphids each) were transferred from the infected plant after 1, 2, or 4 days of virus acquisition. To verify whether aphids had acquired the virus, 20 aphids from each group were individually tested by RT-PCR. The remaining aphids from each AAP group (180 aphids) were equally distributed to three healthy plants (i.e., 60 aphids per plant) and allowed inoculation access periods (IAPs) of 2 days in a serial manner for a total of 12 days (e.g., six transfers) (Fig. 1) . After aphid removal, inoculated plants were maintained in the greenhouse and tested 30, 60, 90, and 120 DPI. The experiment, as depicted in Figure 1 , was replicated three times.
Transmission efficiency by single aphids. In total, 80 raspberry plants were inoculated with individual viruliferous aphids (after 5 days of virus acquisition from an RpLV singly infected plant). Aphids born on each plant (clonal aphids) were separately collected and reared in microtiter wells (Falcon 24-well plates; Becton Dickinson Inc., NJ) until plants were tested for RpLV (120 DPI). In addition, a separate experiment was implemented where 120 viruliferous aphids were individually confined in microtiter wells (Falcon 24-well plates) containing leaf disks abaxial-side up. Each disk was placed on a wetted filter paper to prevent dehydration. Aphids were maintained on each disk for 4 days and transferred to a new disk for a total of three transfers.
After aphid feeding, disks were submerged in water and exposed to 12 h of light for 10 days as described by Wijkamp et al. (48) . After this period, the disks were collected and frozen at -80°C for subsequent virus testing. Aphids born on each disk were collected as described above.
The aim of this experiment was twofold; first, to obtain a transmission efficiency rate based on individual aphids, and second, to determine whether a genetic component was associated with virus transmission. The latter would be accomplished by testing clonal aphids from adult aphids responsible for transmitting the virus to either plants or leaf disks.
Transovarial transmission of RpLV. To investigate whether transovarial passage of RpLV occurs in aphids, as is the case for other reoviruses in leafhoppers (15), 24-well Falcon microtiter plates were used to confine single RpLV-carrying female adults. Each aphid was placed on a healthy leaf disk and the newly born aphids were placed on a separate healthy leaf within approximately 12 h of birth. After 7 days of rearing, 80 offspring and their mother were individually tested for RpLV by RT-PCR.
RpLV replication and accumulation in aphids. Adult RpLVfree apterous or alate aphids were placed on an RpLV-infected plant for virus acquisition. After a 24-h AAP, the aphids were serially transferred to healthy leaves (in petri dishes) or plants (in insect-proof cages) on a daily basis for 10 days. RpLV was quantified from individual aphids sampled at 1, 5, and 10 days postacquisition (DPA). Changes in titer were obtained by extrapolating the Ct values to a standard curve or using the ΔΔCt method (17) .
Changes in Ct values over time were tested with analysis of variance (Proc MIXED) (SAS Inc., Cary, NC). Differences between treatments were tested using Fisher's least significant difference. Aphids that tested negative for the virus were not considered in the statistical analysis.
RESULTS
Acquisition and transmission of RpLV. RpLV was detected in 55 and 80% of the aphids after the 24-and 48-h AAP, respectively (data not shown). One of three plants inoculated with 50 aphids tested positive for RpLV 90 DPI, whereas none of the plants inoculated with 5, 15, or 25 viruliferous aphids tested positive for RpLV at 120 DPI. At that point, plants were considered RpLV free.
Aphids monitored with EPG were observed to ingest from both the xylem (G behavior) and phloem (E2 behavior) sap, although some individuals probed only in the mesophyll (C behavior). No aphids that showed G (n = 21) or C (n = 16) behaviors tested positive for RpLV. Of the aphids that showed E2 waveforms (n = 42), 50% tested positive for RpLV. The shortest time required for RpLV acquisition was 15 min of phloem ingestion, which was achieved by two aphids. However, acquisition was variable, with some aphids feeding for up to 4 h testing negative for the virus (data not shown).
Serial transfers. RpLV was transmitted to 1.9, 5.5, and 9.2% of the plants inoculated with 60 aphids that fed on the singly infected plant for 1, 2, and 4 days, respectively (Table 1 ). For AAPs of 1 and 2 days, transmission occurred in plants inoculated 8 to 10 days after virus acquisition (aphid transfers 4 and 5). Interestingly, two of the five plants that became infected after the 4-day AAP belonged to the transfer group 3 (4 to 6 days after virus acquisition). This may be due to inoculation of virus particles that had been acquired during the first 2 days of the acquisition period. Detection of the virus by RT-PCR was achieved at 90 DPI in five of the nine plants that became infected, whereas the remaining four plants tested positive at 120 DPI. No significant differences were observed when virus inoculations were done with aphids (2011 colony) that acquired RpLV from the mixed-infected plant. RpLV was transmitted to 2.7 and 8.3% of the plants inoculated with aphids allowed AAPs of 2 and 4 days, respectively (Table 1) . Similarly, transmission occurred in plants inoculated 8 to 10 days after virus acquisition.
Transmission efficiency and transovarial passage of RpLV to new generations of aphids. RpLV could not be detected in any of the 80 plants or 120 leaf disks inoculated with individual viruliferous aphids. None of the 80 newly born aphids, whose mothers tested positive for the virus, tested positive for RpLV after 7 days of rearing. The amplification of the 683-bp actin fragment confirmed the quality of the RNA and RT reaction, validating the results.
RpLV replication in aphids. Six experiments were conducted and analyzed separately. Absolute quantification of RpLV (experiments 1 and 2) did not show significant differences (α > 0.05) in virus titer when aphids were tested and compared at 1, 5, and 10 DPA. However, the relative quantification method (ΔΔCt) showed significant differences in virus accumulation at 5 and 10 DPA in three of the four conducted experiments (experiments 4, 5, and 6) ( Table 2 ). The increase in virus accumulation with respect to titer levels observed at 1 DPA was 11.4-to 14.1-fold at 5 DPA. Interestingly, the titer levels at 10 DPA were highly variable, with RQ values of 0.3 (i.e., 0.3 times less than the titer observed at 1 DPA) to 24.3 (i.e., 24.3 times more virus than the observed at 1 DPA). The P values associated with each experiment along with the relative increase (or decrease) in virus titer over time are shown in Table 2 .
DISCUSSION
Vector-mediated transmission of plant viruses is a very specific biological process. Successful transmission of a virus by its vector is dependent on a series of intricate host-virus interactions from virus acquisition to virus inoculation. The complexity of this process is increased in viruses transmitted in a persistent manner (13) and even more so in propagative transmission, where the virus infects the vector as well as the plant host. This is due to the existence of longer pathways that involves interactions between virus-encoded proteins and vector components (9, 14, 20, 26, 45, 47) . Here, it has been shown that the large raspberry aphid A. agathonica can transmit RpLV, a new plant reovirus, in a persistent replicative manner.
Thus far, all known plant reoviruses have been reported to be transmitted by vectors in the family Cicadellidae (Phytoreovirus spp.) or Delphacidae (Oryzavirus and Fijivirus spp.). The unique- 
Total infected plants (%)
Single infection 1 day 0/9 0/9 0/9 1/9 0/9 0/9 1 (1.8) 2 days 0/9 0/9 0/9 2/9 1/9 0/9 3 (5.5) 4 days 0/9 0/9 2/9 2/9 1/9 0/9 5 (9.2) Mixed infection 2 days 0/6 0/6 0/6 0/6 1/6 0/6 1 (2.7) 4 days 0/6 0/6 0/6 1/6 2/6 0/6 3 (8. 3) y Plants that became infected with Raspberry latent virus (RpLV) are shown in bold. z AAP = acquisition access period. Note that only two AAPs were tested with aphids that acquired RpLV from the mixed-infected plant. ness of the transmission biology of RpLV is supported by its genetic analysis, which revealed that the conserved terminal regions of its 10 genomic segments are not fully homologous to any of the conserved termini reported for the three genera of plant reovirus. Partial conservation at the 5′ end was observed with members of the genus Fijivirus only, whereas the last three nucleotides of RpLV showed homology to members of the genus Orbivirus, which includes animal-infecting viruses (28) . The conservation of the terminal nucleotides has been considered a determinant factor for the classification of reoviruses at the genus level (4, 5) . Hence, the genus Raslavirus (from Raspberry latent virus) is proposed for the classification of plant reoviruses genetically related to RpLV that are transmitted by aphids.
While this communication was being prepared, two new reoviruses, Spissistilus festinus reovirus (SpFRV) and Acinopterus angulatus reovirus (AcARV), were identified from the threecornered alfalfa hopper Spissistilus festinus Say and the angulate leafhopper Acinopterus angulatus Lawson, respectively. SpFRV and AcARV are related closely to each other, with 39% RdRp amino acid identity and similar terminal sequences (32) . Phylogenetic analysis showed that SpFRV, AcARV, RRSV, and RpLV constitute a clade within the subfamily Spinareovirinae (32) . However, our analyses suggest the existence of three distinct lineages within this subfamily (Fig. 2) . The first, represented by extant members of the genus Oryzavirus (RRSV); the second, constituted by SpFRV and AcARV as a possible new genus as proposed by Spear et al. (32) ; and the third, typified by RpLV, the putative type species of a new genus (Raslavirus) of dicotinfecting reoviruses. This scenario is supported by the recent discovery of a new reovirus from native Vitis aestivalis collected from Great Smoky Mountains National Park in the United States (31) . The sequence of the virus has not yet been published but exchange of sequences revealed that this virus is related most closely to RpLV, sharing identical terminal sequences, highly conserved amino acid content in the RdRp gene, and a dicotyledonous host (S. Sabanadzovic, personal communication). Thus, RpLV has molecular, phylogenetic, and epidemiological (vector and host) properties clearly distinct from the extant reoviruses, justifying the proposal for the establishment of a new genus in the subfamily Spinareovirinae of the Reoviridae.
The efficiency at which RpLV was transmitted by A. agathonica was very low. Repeated attempts to transmit the virus by single aphids did not result in infected plants. Low rates of virus transmission were obtained only when groups of at least 50 aphids per plant were used. Experiments conducted to test the possibility of RpLV being transmitted at higher efficiency when acquired from plants co-infected with RLMV, commonly found in mixed infections (RLMV-RpLV) in the field (29, 40) , did not show significant differences in transmission rates (Table 1) .
qRT-PCR showed that the titer of RpLV increased in aphids that were allowed an AAP of 24 h and transferred immediately to healthy leaves. Three of the six separate qRT-PCR experiments conducted in this study showed significant (P < 0.05) changes in virus accumulation at 5 and 10 DPA compared with virus titers at 1 DPA. Whereas two of those experiments showed increases of 6.3-to 24-fold at 10 DPA, one experiment showed a 0.3-fold decrease compared with the titer observed at 1 DPA ( Table 2 ). The odd decrease in virus titers along with the nonsignificant results from the other three experiments was mainly due to the high variation observed across single aphids, especially after 5 DPA, where some aphids showed large increases whereas a few others showed declined levels of virus titers. The large variability in the apparent replication of RpLV in individual aphids may suggest a precarious adaptation to a new vector. Persistently transmitted viruses (including replicative and circulative) have been shown to encounter at least three barriers that challenge the success of their replication, circulation, or transmission: (i) midgut infection and escape, (ii) survival in the hemolymph and salivary gland infection, and (iii) salivary gland escape (1) . Each barrier represents a bottleneck which reduces significantly the efficiency at which a virus is transmitted to a new host. In RpLV, these obstacles may be related to age or other physiological aspects of the aphid, which also may account for some of the variation in virus titers in aphids.
The lack of an effective mechanism that protects the virus from degradation (i.e., association with endosymbiotic bacteria in the aphid gut) (18, 19) may also explain the inconsistencies found in the concentration of RpLV in aphids. Several studies have shown a direct interaction between viral coat proteins and the chaperonin GroEL, produced by symbiotic bacteria in aphids and other hemipterans. This interaction results in complexes that allow the virus to avoid degradation in the gut tissue and hemolymph (18, 19, 42, 43) . Electron microscopy applied to aphid ultrathin sections failed to detect aggregate structures characteristic of replication complexes in epithelial gut cells in replicative viruses (D. Quito-Avila, unpublished data). Therefore, it is not clear whether RpLV interacts with the bacterial symbionin of A. agathonica or other vector components to result in replicative inclusion bodies. Another plausible explanation for the high variability of RpLV in aphids would be the initial amount of virus acquired by the aphid. The titer of RpLV may vary considerably depending on the leaf, and even within the leaf, where each aphid feeds.
The low transmission efficiency of RpLV by A. agathonica observed under controlled experiments was supported by data from the field. An average of 40% of raspberry plants in fields with high aphid populations and incidence of RpLV and RLMV became infected with RLMV but not RpLV by the end of the second year (D. Lightle, unpublished data). The significance of this finding from a virus management standpoint is noteworthy. Quito-Avila (27) has shown an increase in the severity of crumbly fruit disease in Meeker red raspberry co-infected with Raspberry bushy dwarf virus and RpLV. The low transmission rate and long latent period necessary for RpLV to be transmissible may be advantageous to growers, because they could reduce virus incidence and crumbly fruit severity by implementing an effective vector control program.
In summary, RpLV is the first plant reovirus transmitted by aphids (A. agathonica), albeit with a low efficiency rate. Transmission and genetic features support the classification of RpLV in a proposed new genus (Raslavirus). Virus accumulation in aphids was variable and seemed to be aphid dependent. More research is needed to elucidate the details of the virus-vector interactions at the molecular level. However, this communication reports important aspects of the transmission biology of RpLV which are key for understanding the epidemiology of virus-caused diseases and developing control measures to reduce virus spread in crop plants (3, 20, 39) . 
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